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Investigation on Electrodeposition and Properties of Ni-W, Ni-Fe Alloy Nanocrystalline Coatings

WU Yu-cheng'~, SHU Xia ', XIE Ting', LI Guang-hai >, ZHANG Li-de *
(1. Faculty of Material Science and Engineering , Hefei University of Technology, Hefei 230009; 2. Institute of Solid State
Physics, Chinese Academy of Sciences, Hefei 230031 China)

Abstract: In this paper, the electrodeposition technology was used to prepare a Ni-W and Ni—Fe alloy nanocrystalline
coatings. The influence of multi-factors on the deposition rate was investigated. An orthogonal experiment was conducted
using 4 key process parameters, including concentration of main salts, current density, pH value and operating temperature.
The microstructure and microhardness of Ni-W and Ni—Fe alloy coatings were characterized. The experimental results showed
that, the nanocrystalline of Ni-W and Ni—Fe alloy with different composition can be obtained by controlling main salts’
concentration and operating conditions. The concentration of sodium tungstate gave the most obvious effect on the deposition
of Ni—W alloy nanocrystalline, while the concentration of iron sulfate had no remarkable effect on the deposition of Ni—Fe
alloy nanocrystalline. The alloy nanocrystalline coatings exhibited the bright appearance with high surface quality and firm
adherence to the substrate.
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Tablel Factors and levels of orthogonal experiments for
Ni-W alloy Nanocrystalline electrodeposition
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Table 2
Ni—Fe alloy Nanocrystalline electrodeposition

Factors and levels of orthogonal experiments for

A ®
FeSO; L 2954 H
THOAeN) D /Admd)  T/°C P

10 2 40 25
20 3 50 3
30 4 60 3.5
40 5 70 4

W N -

W& N-W &9k, KRBT ¥
Na,WO, : 2H,O % #M A NiSO, - 6H,0 ik, 7
ABREE BRA VIR MAEEEYRIH 74
BEHE, HBDIRARER, oA maEKiF
¥ pH &, FMKEREER. H& Ni-Fe &M

KaaF Ni-W £&d 8K, ¥ NiSo, - 6H,0 fu
NaCl Fi% 2/3 (KREK 7 % #; F 80 'CRL L/
HoKB BB EMA; BirERNAKEREM
A, BEHE4Y; FeSO, - THO FIKEMREMA, #
RS o ERRA RSB KEE, AR
MR, REMARK, & 15mun, HHEEZLH
WREEIPRE A B RIGUA MR 2 51 A 7K
WRREMA; B pH 4456 pH i8I pH )5, AR
BT pHE; SEBEBEMKEREER.

HITEF KRR £k~ HMEk R — k¥~
BEEL— KRR REAN, T
#. DIBRERE: ARAASRBN-W). B%E
A BNi-Fe), FABRHEBHAM(~3.0 cmX2.0 cm)
X2 4K, 5% 1000 ml B84F, HHS Hiphtia iR
KA MAIEFEREE , BPF-2 H/RERERE
BRI EREE. EERORHRERL ER, U
A W DTBE RAEAL

X H TG528B B4t KF g™ 71 ©IE
PE R (75 100 g, BHR] 15s)s HZ Olympus
KM BME. D/max-yB B X HEATHN (G R
B g3, Cull, HhEHE 40kV, HHH 80 mA,
HHE B 6°/min)f] H-800 FE S HE, #HITHE.
BREEEMRAERETM R

2 HR59%

2.1 B N-W SEHAKESH
2.1.1 IR Ni-W S &K & TZR 7 R4k

ER R RB SR REDHTWE 3 PR,
WIRESFATUEY: O NIREREHE L
MEFERpHE, HRKRHBHREEE, NaaWO, 2H:0
B3 B AN B R RE R . @ R B AE JEE R W
AMEEBEpHE, pHEZET 7. 8B, AMK
H B A% Bk 700 HV P E. @ R BB H
WHEE D=15 Adn’ B, BEFRBRRE, HAXR,
aEys; BER, REFRRURT.

W EE I, BIRALK T EH EHR : Na; WO,
2H,0 50g/1, D=15 Aldm’, pH=7, S 60~70 °C.
2.1.2 TEAEXN Ni-W S &90K IR SRR W

HTEFRAR T ZSHRMEEREX Ni-
W SE&HIENEN, $HMTEEGEE, &
BESN—INHEE, 5 0EX LR :
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Table3 Analysis table of orthogonal experiments of Ni—W alloy Nanocrystalline electrodeposition
K ¥ H__%
Na, WO, 2H,0/(g/l) Dy/(A/dm?) WETC pH {i
I 225.40 50.02 188.81 46.65
il 180.71 110.52 180.25 114.88
TR R m 166.26 192.58 143.68 173.14
g/m”hr \' 162.18 240.33 176.21 225.86
\% 148.44 289.18 193.68 322.12
ROEE) 76.60 239.16 50.00 275.47
I 4483 448.7 559.4 332.9
il 535.0 436.2 4241 446.7
BB il 537.5 503.8 520.7 4162
HV v 4525 581.2 476.9 685.4
\% 584.7 588.1 576.9 676.7
R(H %) 136.4 1519 152.8 3525
(1) Na,WO,2H,0 ¥k B 5 W SRMNBA, SRERFESERN N-W &3R4

BB 1(a) WL, B Na,WO,2H,0 3R B R84 1m,
Ni-W S &BJiBEERRRTHESE. Ni-W &
SHVBHEREF IR, B W ABAmis,
W RDTHBBRAERMA, DArssREs e,
RACHHBY S A FITT 5 Ni LR . ByiBudR S,
REOVIRZY BIER, REFHIIR, AL
O 1 4R 1 B e B R S e A A K B T L
REBRAVIREE, FMUIREE. FRREHRER
MK EAE, BIANERE LRFRAR, #H—
SRIETHRKEREFW ™ LT, BBy
RETBEERRESAAREURRBHER
X

(2) pH{E I

ME 1b)BTIR, VIBUEAREE pH {H KM KTHH
Ko 35 pH>7 B, PIRERB KK, pHEMR,

-~ 800

Z 450 T=80°C Z 700[Na W0, 21,0 30g1 -
pH=T "¢ 600{T=80C -
E 400 D=15A/dm’ | £ 500}p, =15A/dm’
a t=60min a ggg t=60min o —+
x — %
gsso B 200
4 & 100¢ |
= 300 B0
10 20 30 40 50 456 7 8910
Na,W0,2H.0 / (g/) pH

(a) (®)

TESHEES L, WEEESRAK, SRR
Mk, SEMBMSN, BEHESHERER,
EREEEPARREEARNEE. G4 UAE
BB 82, A EL pH %N 6~7.

(3) RLIKERBE (0

M 1)L, B Dy K, VIR KM K.
D=15 A/dm’ Bt, KRR, D20 A/dm’ B,
RAMEREAFARY, NEEHRE, TRTRE
Kk, BEMEIRE, R HK. XRENE
& D WK, duif b3t s A R T Ni-W i
7 Bt R RARBTERR , T SR 0 A M X 32 B
R, SBERRTE,, BHEERE. H
D it K, BB R R R TR A R
BRI, RTEERRRTRE.

(4) BEHEW
600 500
= ggoiNa,WO,2H,0-3001 . = 450
& 400 $t‘;g.:c < 400 .
£ P E 350 ‘
& 3001t=60min -~ 2300 * Na,WO,2H,0: 30g/
¥ 200 . » pH=7
B ‘ B 250 D, =15A/dm?
= 100 5 m
S / & 200 . =50
B oL = 150 mn
4 8 12 16 20 40 50 60 70 80
t/'C
D, /(Aldm)
(c} (d)

Bl N-WEEAXRKTRERSZITERHRE

Fig. 1 Relation between deposition rate and all factors of Ni-W alloy nanocrystalline electrodeposition
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mE 1 (d)Fw, BEKT S0 CH, HBERK
%, BUEELME, HARERRE, REFTE,;
BEFET 50 CH, BMEEEHE 600 HV Y L,
WERELERM. XH; ARERT 70 CH, &
WIERER, RAATERNEE, UARRE. M5
HER, BERE60~70 CRE" .

22 B Ni-Fe SEMKS
2.2.1 BB Ni-Fe 540k M T ER ik

XF Ni-Fe &, B5&HRER, AR
BAEYS N-WSENAERAR, Kol ER5H/%
BRBEBREAFWER. EZBH AR,
BESMIE 4 Bim. BERESFTUES:

() NUREEEREAHERERREE,
pH {E\ FeSO,7H,O W3k AR B Mm%/

(2) X BEEERE KK EE R FeSO,7H,0
Bk, BHMEERRE S0 HV ML E, BEME¥
AL TEEAE 100 HY AP .

*4 BMRRSKESHARBERTEMIR
Table 4  Analysis table of orthogonal experiments of Ni~Fe alloy
Nanocrystalline electrodeposition

" #
* EF FCSO47H20/ 2. ﬁ&
H

@ Duadm’)  pHEE
I 313.04 168.21 27533 307.67
I 321.21 248.85 302.19 315.71

YiBbEE/
i 300.56 345.71 32253 300.90

gin'hr

v 283.57 456.21 31893 29470
R 37.64 288.00 47.20 21.01
I 449.44 481.44 471.72 487.66
il 507.05 485.07 48080  483.64

B
m 483.38 472.00 47404 47761

EHV
v 471.65 473.01 47896  462.61
R 57.61 13.07 6.76 25.05

() RBRRHE Ni-W @1 {BH I, Ni-Fe 2
HERERE, RAARK, AFHY, TALTHE
MBI ; R, FbREaeT.

LA, BIRAL T E RN : FeSO, TH:O
20g/1, D=4 A/dm’, pH=3.5, R 60 C.
2.2.2 TEH&MFA Ni-Fe A-&40K 5 BUTRS AW

A TEEAPR LE 2 MR ERN Ni-Fe

ASHRIIRNER, ¥HATERGEE, F8S
S—AER, AR AR

(1) FeSO,-TH,O ¥ B H 5

& 2) 7 AFBEZH FeSO,7H.O BN BXY
Ni-Fe A& MR K EWE/N, b FeSO,7H:0
WKW KT] 40 g/1, PJUBIE HBE A WM. Ni-Fe R
MR ITBASEERE, NIUA F B TR
BIRHBALFFR - 0257 V 1 - 0447 V, SR AL
B Fe AR AR . QAERE T LRRER
(Ni% 240 A, Fe R 2.54 A), BERTRERGEE
&, AR EWERER L NCERRERY, X
B P B TFIRE, BWRRAYCE TF V[ Niv' 1Mk
4, BiE F BFREHEM, EES Fe SRS
270232 [

(2) pH KW

Bl 2(b) ] &1 pH A X IR KWk,
{H pH {H 7 3.5~5.5 2 [R) I UT BRI R B A K8 & #E 380
glem’hr 245 . AR 3R R M pH=1.5 BB E
B BIR); pH=4.5 B AR EATSNM, SRS REE;
¥ pH=5.5 i, BIRRIK A £E 1 h JGRUH B RBLR A &
ERE—-EHAKE, BHEXFEIARAGHE
E . £ Ni-Fe & & UUBUK B b 36 & BLBE B JTH A )
MK, PN pH SRR

() BIREEHEW

mE 2)fiR, NRERSHEEEILFEE
I % R - HPFR Y D=3~4 A/dm® BT 3K
8 wFe)&&H 20 %M Ni-Fe & &% E, WAHE
BHE. W% EN IR E E ERKER
{LRTBIRE . Fe BB EE R 2R 8
B, mEEERK, PR F B FHaAS,
HEEH Fe S RHLA TH.

(4) REHEH

mE 2(d)BiR, BENTIBRERNERSBE.
FHRT(E 28 CEARATUEBERNES, W
HESENMARHSRTHRIANBEENEERR,
A3k 500 HV YA k. BEFH, HENKSRA TR,
50~60 CHYRIF32] w(Fe)&&H 20 %K) Ni-Fe A&
B BEEEER FE TN BT MITHER,
Wi L Ni™ B Filab s A oohE s Ak o

23 Ni-W,Ni-Fe & £ RKAEEITH
WL Ni-W, Ni-Fe A28, B X H4E
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-~ 450 = = 800 = 500
= = 500 = 700 FeS0, 71,0 2001 * < FeSO, 7H,0 20qf ‘
. & 400 E tool 72607 "g 450 pH=35 '
£ 40 £ . £ ggo|PH=3s T 5 400 Decdhiam |
E] —T=50% 2300 "FeSO, 7H,0 20/l 2 4ol FEOmn ~ 2 ~1=60min - !
¥ 350 pH=35 ¥ T=607 I P i # 350 )
» D,=4A/dm* %200 D, =4A/dm’ E 200 § 30% {
K 300 t=60min =0 t=60mn ! 2 100 = 2502 |
= 10 20 30 40 R S R R BB 0 % 650 2 4 6 8 10 0 30 40 50 60 70 80

FeSO,.7H,0/g/l) pH D f(Afdm?) t/'C

(a) (b) (c) (d)
B2 Ni-Fe S&HKRRIRERSZEMERN KRR
Fig.2  Relation between deposition rate and all factors of Ni—Fe alloy nanocrystalline electrodeposition

MM EES AR, FERBHEENTKA,
HLRFR/NAT LS 3R R R E R T2 -
Brbk, BOEBLETIR TZ 28 BBREARF R4
FRSTHGOK REE . B8R ERNERET
ZHEFEX Ni-W, Ni-Fe &40k RAtAEME MW, PA
AR RBE AR S BEERNSE RN

(1) BESHEE

WA 3(a)BiR: B Na;WO, -2H0 ¥ B3,
Ni-W %ﬁﬂ@iﬁ&%ﬁ%ﬁﬁ% Na,WO, 2H.O
WK 30 /1 Bf, BBEERK, £ 6474HV,
WRFWE, &2 WITRE M DM RS+ R
W ERMBRTIHK. B2 W SERE, A%
B R, MIEEEEshRT R Ik, MTfE A&
iﬂﬁﬁ%ﬁo Rt Z B FE Na,WO, - 2H.0 t7.35:3
A 105030 ¢/l ERPHREHBEEZH WHRES
A AR BIH 43.30 %F1 51.20 %.

BEE D« MK, BRMBERERE. D=15 A/dm’
B, R R REBLT, BREEHER; Dk =20 A/dm’
i, BARBMBERIL 468 HV, R METH
FWRG, WEARE, ARIBRELEL A, BE
WENARE, WRHX. XREHEBBEE Dk X,

520

700f-=—Va¥0, H0 F& 510 —e—FeS0, THO 7
650 (-o—wi &AL T | o ool D
> 6004 @AT - z 500 il
Sssof v T BAD . e
500 . o S 1 480 B e
450t o g W # 470 / T
- G ® 460l - -
:E 400
350t 450
44 R
0= 5% %133 4 5
AR HR
(a) Ni-W {b) Ni-Fe

B3 #AEEX Ni-W (a)s Ni-Fe(b) A SHKREER
BHEH
Fig.3 Effects of all factor on the microhardness of Ni-W

(a) and Ni-Fe (b) alloy coatings

BitR bt AL A BN T Ni-W B g Bl 2 i
BT, WSaBREKHMTZRRS, S2H
KRN, SAEEERE. 2 Dok, HARK
IR P R DB R TR A R BN FE, R
HEERR TR,

pH=6~7 b, SH{HEEE#FIAE 600 HV PL . ik
BRADMEESRERIBAX R RR, pH=6~7
MAREMERER. M3, % pH>T7 Y, JIBEEK
WRBHE, A MEREER, 4 pH=10 1, BT
BEEL K, BEHAERN, BHBEHEK. pH
EE, SRERFEERTAHN-WALRHEHTESD
ML, NTTRESAA, BAEE4L;
A pH fEF S, WERMRBE, BEFHEH
&, BRTH.

BEMRTF 50 Col, SHBEM, KRR
R, MEBEERRE, REOAFE; BERT 50
CHY, BHRERE#RE 600 HV P |, BEXREL R
- KW MEBEERT 70 CH, EHRHEFEX,
AHFEBRNBE, BASRE. SNTZ LFE
B RELE 60~70 CHH.

A 3(b)Ain, B FeSO, - 7TH.O ¥ 10 g/l
BB 20 g/l BF, Ni-Fe A& #5 f B B K i 8
BB K, FeSO, - TH.O 3R EXTF 20 g/I B, BRHE
BEEAAREE, RIEFE480.0HV L4,

50 R RE IR T R TR, SRS C)
A1 40 CHHEBHW R BB M E#E 500 HV DL
b, AERTHIRL REARL; BEH 50~70 C
B, BEXEERAR-. XE, BRE; HEEE 70
CH, BEFHRREE, BRHEFEXR, SHTFHERYN
BE, WARBHRME. SMNTE LHERELE 60 C
EARE.

pH=2.5~4.5 i}, HENXF. AN, BAUEEE
480 HV pA k. pH=15 bf, HERME, HAKX
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BRM, JIRUE RS, ik i Rl KR ; X4 pH=5.5
w, JIBEERRR Y pH=2.5-4.5 WHZEAR %, {HE
BHRKBIE, MHAHANKY, BHEES
B3] R A 3884 HV.

WiE Dk IR, BHBEEETHER. D=2
Adm’ B, BT B, ik 521.6 HV; D =8 A/dm’
B, BRBMBEER 473.7HY, THRAX, AT
VB KL R, KA KERS PR, BRA, 82
FRTH.

Q) EREASHEERR

FEEBNE LARKN-W S EERE £&
i, BHKf, SEALEEEE. KEII58E

RES "1 )

(a) (Na; WO, - 2H;0: 40 g/, T=80C,
Dx =15 A/dn?, pH =7, = 60 min)

B4 FHITREETHBEN N-WAESEENERHOREER <150
Fig.4  Surface morphologies of Ni-W alloy coating deposited under different conditions X 150

(a)(FeSO, TH,0: 20g/l, T=55°C, (b).(FeSO4TH;0: 30gl, T=70°C
Dx =4 A/dm’,pH=3.5,t= 60 min); Dx =4 A/dm’, pH =3.5, =60 min)
S  FARIREH FREEK Ni-Fe A &REERHXRE
B4 %150

Fig.5  Surface morphologies of Ni-Fe alloy coating

deposited under different conditions X 150
3 &

(1) pH X Ni-W &£ 40k & B iTH 6 STAUE
HEWEK, HXREHREE, NayW0O,2H,0 Mk
BERUR S MmN X Ni-W A&48 2 1 B
BERwB R EFR pHE, pHEST 7,80, B
W EAGA 700 HY YA L. diiBE& Ni-W 54
FXKRBBEERBERAKH T ERFH: NiSO,6H,0

(b) (Na;WO, - 2H,0: 40 g/l, 7=80 °C,
Dx =15 A/dm’, pH =9, =60 min)

B45° fs), FRKEE, RRARKAR, #
AR SRR G £E4HF ERER L%
ikf 180° THHUK, BEABE, AREBRAR
AR, BASWF—EHRR, ALERKEEE
B

AR LU Ni-Fe & &8 B RH P&
i, BEROE, BRSRRS SR, HA Ni-W
BERESRELESRREE, Bilh MEKEEE
LA EER TEHHE, BRI RET.

Ni-W. Ni-Fe & &#EHRH LT RRES
H, BTERMHARR, BERARKEEL. WE
4. B 5 B

(c) #m

15 g/l, ¥FHERE 50~70 g/, Na,WO,2H,0 10~30
g/, &K 30~100 g/, HFBmPE D, 2~15 A/dm*, pH
8 6~7, BRIE 60~70 C, PHARZEIR

(2) X Ni-Fe & &40k R BRI ITREEY
Wk KW R % E, pH . FeSO, - TH;0
ROk SRR R W R/ ; X Ni-Fe HL TR0 B1%
T B M K Y R FeSO, - THLO WIMREE, A
BB RIL 500 HV A E. BBk & Ni-Fe &
Pk REENBRRALK T LR AR NiSO, - 6H,0
180~220 g/1, FeSO, -7TH,0  10~40 g/1, NaCl 20~30 g/l,
MR =H 25~35g1, +AuEEREE 0.1~03 g/,
wmisE 0~20 g, Sl 5060 g, FEER 1-3 g,
REAEH 34 g/l, HAHHE D, 3~5 Aldm’, pH=
254, HE 50~60 'C, PIRRFEA B,

(3) R IEBEW S MBS, KBRA
X& Ni-W. Ni-Fe A&BEXT LR, BERA
BRNEENL, SEEEGER.

S X k- (F&% 11 1)
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